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Table 1 Fertilization levels and treatment codes
Firki Rt b7 MR R/ (kgehm ) B/ Cegrhm ) U I/ (kgehm )
7 ! A *hm ° — — Rt *hm *
AR R IEEEN AL AR
ONO NO 0 0 0 0
ON1 N1 20 20 60 100
HVEHER _
ON2 N2 20 30 50 100
ON3 N3 20 40 40 100
PNO NO 0 0 0 0
B PN1 N1 20 20 40
HAETE S
PN2 N2 20 30 50
PN3 N3 20 40 0 60
OPNO NO 0 0 0 0
FHE A i 5 OPN1 N1 20 20 60 100
J] OPN2 N2 20 30 50 100
OPN3 N3 20 40 40 100

E1
Fig. 1
G
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19. 08K A HEAT Jr 220 . 2 1 3 Duncan % .
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ol W PR R, A N T 26.95% . 36.24% .
33.67% F118.77% , Al ULIAIAE X 4 ek hL ™ et 280 4 ik

2.1

180 cm

HETRIEEMEENTEE

Schematic diagram of Oat/pea intercropping
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Table 2 Yield of oat and pea under different treatments

kKL 4t/ (kgehm %)

JOpH

M Bi S

ONO 2259.2°

ON1 2889.1

ON2 3048.1°

ON3 2 580. 0

PNO 1028.0°

PN1 1522.1"

PN2 1.384. 8

PN3 1285. 7¢
O/PNO 2 565.5" 1 305. 0 3870.5"
O/PN1 3525.0° 2073.7 5598. 7
O/PN2 3705.3" 1851.0" 5556. 3
O/PN3 3025.1° 1527.0" 4552.1°

15.8% 7. 3% F117. 1% ; H v jli 2 [ 4 e 22 W R it
FE NO N1 N2 i1 N3 jiti 0 il B2 T 5 AH R B4 4 22 18
T21.0% .41.6% .38.0% M132.6% . b u) fE %
A [ it 22 A 2T A I R A e B, N2 o 3R R R
K, R 712 kg/hm?®, B NOYE AN 1 49. 9% , 1 N1 N2
N3 il B A0 A 25 5 OR (3 B TRt
Ah B RAVESHEE AE N1 N2 FI N3 il B B9 0% G
25 5 H 3 R T NO.
#3 HMAHESEELETRENREE

Table 3 Nitrogen uptake of oat under nitrogen application

system and intercropping treatment

4k # AT i RE I A
ONO 19.95° 26. 84! 53.92° 50. 09°
ONI1 29.97" 43.91% 77.25" 71.00°
ON2 27. 20" 46. 80" 76. 79" 64. 15
ON3 31.87" 39.47° 69. 80 68. 96"
OPNO 29.53" 38.93° 60. 83 60. 62°
OPNI1 44.21° 55.52® 81.56™ 100. 51*
OPNZ2 45.32° 59. 77" 91. 04" 88. 54°
OPN3 47.60° 52. 36" 84. 85" 91.43"

7[RI B S ] 5 3 5 b B ] 22 53 8. 3% (P<<0. 05)
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Fig.2 Total nitrogen content in 0~20 cm soil layer of oat
under nitrogen application system and intercropping
treatment
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Fig. 3 Total nitrogen content in 20~40 cm soil layer of oat
under nitrogen application system and

intercropping treatment
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Fig. 4 Nitrate nitrogen content in 0~20 cm soil layer of
oat under nitrogen application system and

intercropping treatment
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Fig. 5 Nitrate nitrogen content in 20~40 cm soil layer of

Bs5 WEESE

oat under nitrogen application system and

intercropping treatment
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Fig. 6 Ammonium nitrogen content in 0~20 cm soil layer
of oat under nitrogen application system and

intercropping treatment
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Fig. 7 Ammonium nitrogen content in 20~40 cm soil layer
of oat under nitrogen application system and

intercropping treatment

3 it

REMERRGIE Y = BN R Z — B
JH AT G HEAE W AR 4R R 7 % i Y U i
XEARASFHAE ) 53 BE R CA S 3 e kAR L (R RIS i
2 o [ JCS o BN 22 NGRS 3 421 AR AR H T B K
FEILA B A 7 W R R R i R B
RN 32 5 % 32 AL Lk S R R R B
FE S AR v () A e A2 TR N2 T 3RS A
JORF KL=t B2y BE] T AR 0136 A A 53 S B i 2R
A 3026 A1 5000 fe A A T e AT PR AR R . X 5
TR R A R A R RN RE e S R B
TR Ry 6: 447 BT ANIF], vl B S PR P AP E A K AR RS
BT R A E T R G

(] 1 28 G2 v P i AR 90 A4 7 A Y AR L R
IR K A AR B R A S 4 I A5 n 9 ) 2 1)
R RN UEE S R (R 7/ DE: U i N N SO VA 2 YA
S DR W PR N CTR (- L AR R 7B e (S I o o
e FRT AN B A — RE R TEAR A RE/ SR AR
R G IR o B WO BRI B F 9T B % 0 AR
Z— R ARG T A R L/ 2 ) A
RGUIE TR 1 B R WM R B R i, BRI A AR 42 B
R WS A DI A A A, L it R ) 848 O 4
B4R R 0 120 kg/hm® i, W 2605 3 in A B
o ARBETE AR A N2 A BT IR AU A R B
NO SN T 49. 996 5 HM A H R TF H A A0 0 &
ERCARRE R T 17, 1005 1K R WA /0 ) A 1A AR
AT LA gk Xk SR 43 W S0 A R B 9 A PR GRS Y

SMC

b A U b AR R R AR A AL
FE R UE AN, VR SRHE Y AT e A R 4
RN L AN e N R (7 I = i e o S
RIERIE WG T AR AT e Wi w iR
6 B A SR A FRAE kB ORI RE L 3. 1 B £
R G R AR B RN, AR | ]/ e
[ 0~20 F1 20~40 cm )23 1Y 4 & B 53 51 B8 AH B H
YE$ES T 7. 7% ~17.8% HI4.8%~28. 3%, ifii [a] E %
LA A NN T AR UL B/ /B R A
M LhSE A H B G AR . BT AR R KA
SRR A AT BRI IX G, BRI I A 3l 22 Ay 22 0 Uk
Ao o Ay E RS R G WAL, &FEH—
W% .

TR RIFANRESE e e AR T,
SR ) T R SR () R A A R R A
GRS A R B A R A R e R TR
O SRR+ R R AT S bR, B AR A
T ER NS A T B EEEY, A E
i fE AR AR LR SRS B S
AR AR — 5, B 0~20 5 20~40 cm [A] /5 8 2 + 4
A A i KT B i — 20 U P e 2 i R AR R R
HAE e R S G AR .k SR A UV S R i
8 42 W AR P 1Y) — R A R ), AR 25 B B - K
TR . ARl & B R [ A BB gl 2 0~20 A
20~40 cm + 2 A il 25 S0 & RS it A0 #E NO Sk, N1
AbFRR A HEA S A G AT, T RE R N AL HE T A] £
TEMR Y Hb b A e RURE R B di i, 3 R 1
FESTEN et LUOE - Rs 2 R o P S
A EE L IO ML, o A R R (W — Fh
FEIE R B A A — M S E A i AR P A R A
ALV HNESASTEWRME TSRS, A6
5 0 AR — B0, AR AN T it R R )R AL FER A
Al -2 EE S AR FERTHESA. E2HRE
Bl P S A S AT RERANET
LIRS N R N T R R C R Y VERE SN~ s
T[] A Ab 30 X6 HE 5 0~40 em - 2 4 il 25 AR 2
Ao R E R B A )R, 68 2
ARG EMAT M ER SRR TREES., H+



170 GRASSLAND AND TURF (2024)

Vol. 44 No. 2

BESATRNEAS HELSEAMBEEIA TS
—ﬁz,o~zocmi)%'%ﬁ,wﬁ%%fmﬁrﬁwﬁ%?%’ﬁ,20~
40 em + 2 WA B o 3 AT R I M7 B0 7 A kA X
- S A RN e A R WO [R) 3 1 A A2 ] A ik
TR AR R A R R ik A

4 e

TFa] 71 THE 5 3 e 2 o R A v ™ A AR A
£ N2 il J5E T ] 18] V5 e 2 AT doe KObFRE = 1o B
A IR ST A B AN TR it SR E A 8] 4 S B T T gt
R AR MW, HAE N2 i F B R ok o A TR it 4
il B2 Ak HELT (8] A g A2 A A Eﬁj"“/‘gmﬂﬁi
Y B L= AT 8] AR RLRA A 3 22 19 & A 25
ME SR T RAEA N LR EEA R GG TR

SE

(1] SR 0 eg AL . 77 9800 J5 1 e 2 i o0 5 A 7 IR A
TR S X LT]. Bl R, 2004, 21(11) :17—21.

(2] BRI, SRMAME AT G, % . 4708 BRIV X 6 B o G S e &
T R T RS [T, FEY S, 2011, 37(11) ¢
2066—2074.

[3] "SWefi. ML | R, ML | 40 R G A MA SR BT
[D]. dbat: i E Rk 2, 2015.

[4] LiL,SunJH,Zhang F S,etal. Wheat/maize or wheat/

soybean strip intercropping: 1. Yield advantage and inter—
specific interactions on nutrients [J]. Field Crops Res,
2001,71(2):123—137.

[5] ZEEE. BIZEMERIbA B LR RGNS R st e 5
ML R BELT]L b A 3 ROl o AR, 2016, 24 (4) ¢
403—415.

[6] MAfam, 20, . ERRERERRT FYRER
A0 Y PR AN B R G as [T] T AO B
2020,53(10):1971—1985.

(7] %, 92 20 % AN BEEUKPE T £k /R
IE) P R 2 T4 R B A0 R R W B AL [T ). v [ A
el 242 ,2019,27(9) : 1354 —1363.

(8]  HRA U, R A, T3 4y, &5 . TR K K S IR W) I 46 3 4
ST T, R, 2015,33(11) :44—46.

(9] s BB E  RK, % i AU  a  || EEZ ME R &
A B Wl R R [T Ol R A A A
2012,17(4) :46—52.

[10] LW SAEE R || e 1) /R S0 B 2 3 W s ML 39 A 5
[D]. K% AL K%, 2019.

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[20]

[21]

[22]

[23]

5 BRI 2E B (5
AL, 2012,

ER R NN 1T IR S B M o B 7 1 )
AL ) AL B 5T [T] AR 9 2= i, 2004, 30 (4) -
376—381.

SR M]. dbmt . EHF

Weier K L., Doran ] W, Power J F, ez al. Denitrification
and the di nitrogen/nitrous oxide ratio as affected by soil
water, available carbon, and nitrate[ J]. Soil Science Soci-
ety of America Journal,1993,57(1) :66.

Togun A O, Akanbi W B, Dris R. Influence of compost
and nitrogen fertilizer on growth, nutrient uptake and fruit
yield of tomato (Lycopersicum esculentum) [J]. J Crop
Res, 2003 ,98:40—56.

Akanbt W B, Togun O A, Olaniran J O, ez a/. Physico-
chemical properties of eggplant (Solanum melongena
L.) fruit in response to nitrogen fertilizer and fruit size
[J]. AgrJ ,2007,2(1):140—148.

Aminifard M H, Aroiee H, Fatemi H, ez a/. Performan-
ceof eggplant (Solanum melongena .. ) and sweet pepper
(Capsicum annuum 1.. ) in intercropping system underdif-
ferent rates of nitrogen[J]. Horticulture Environment and
Biotechnology,2010,51(5) : 367— 372.

Ahlawat A, Jain V, Nainawatee H S. Effect of low tem-
perature and Rh izospheric application of naringenin on
pea— rhizobium leguminosarum biovar viciae symbiosis
[J]. Journal of Plant Biochemistry and Biotechnology,
1998,7(1):35—38.

ot TR, BOE SE L U ROk — B AR A AR AR
O FE S AR B s [T]. AR 92 4k, 2008, 34
(4):706—712

H T R RRE, A R EE /A SRR SRR I EUKF
XA 7 i AR 2 R R SE R (1], 2 2 AE Y
##,2016,31(3):499—503.

FEU 8 W, WIER G SF . SRS AR R IR B0
W RELT]. [ R~ 4, 2007, 29(4) : 92— 98.
RRIBUME , WA, 255 ], 45 S ] TR AL 310 4 98 4 2
RS 23 AL BB [T ] AR B 5 B 27 27 4l , 2008,
27(3):978—983.

ATAERR, SR IEURT, TR . WL RO SO e AR D
A M LA HLAK A E AR R i g 52 Mg [ T]. 2027
#%,2013,22(3):227—233.

TRERER AT R4, A A AT X 5 4 9 T
it 25 0o A AN RBURSE i [T ] g Al B4, 2014, 42



O 5 B 2024 4F 171

[28]

[29]

[30]

[31]

[32]

(5):465—469.

LTINS P 7 W I P SIS - B0 J b /& NG
YRR Z 7= a3t 0 S A5 R 00 5 e S HL R RE R [T ). A
Vg 3 5 R, 2016, 22(1) : 104—110.

AR WIS VA, S WG/ TR R G v
At AR i Mot R B R O [T]L ARl TR A i
2008,24(3) :223—227.

B AR AT B =) [M]. db st E AR
R AL, 2000.

TR  MAZ SRR A L R IBIE A 4 A A
GRS AEHEAKTE LRI, hIE 25 ER, 2017,4
(6):23—29.

TR IRERE, TS FUEX U MM E KRR 2
PRSI [T]. Bl RleE,2017,34(7) 1516 —1521.
T, E X, B R DY A BURIE B AN T R
BB i A R WA s [T, ek 2B i,
2013,28(1):187—192.

L S N e A A N 1 W) e B SN AN
&P RL & TR B R 48 [T, MR W = R L 2005 (2) -
248—253.

BRE A B AR L AE L UIEAS 25 X HLA O IR Ak
KR P ik K R BRI R B2 e [T fE 42 4, 2016,
42(11):1666—1676.

ol fele | B e s AR R A L R R UL B 2 Xt AR T A A
HE 2 22 A /A 1540 7 5k e A AE R AT sz ma [T ). AE9
1%:2021,47(7) :1—13.

Cong W F, Hoffland E, Li L, ez a/. Intercropping en-
hances soil carbon and nitrogen[J]. Global Change Biol-
0gy,2015,21(4) : 1715—1726.

AR B M2 T R FR R AE X UL 388 1 35
P [T, KERE,2013,32(4) :501—505+511.

et — gk RIS R E LS. Bk — KU MER S L

[40]

[41]

[42]

K G 43 A5 R A 5 3k R (7]
(82):131—133.

SEOR B R e WREE S . ORI TR A R ROR T AL Rk
SV R IT E [T]. P A S AR 2 L, 2017, 25
(1):19—26.

SRR R SR, R B, AR L R IRITR AR O 2R e+
57 0 TR A M A R A SR A AR (]
ArBR2#,2019,36(3): 772—784.

KNGT . HOR A 3 A R e s ) A 5 - i A G
FID]. 22HHOR R K%, 2010.

T BRSSO S ARIBA L A B AT A
WA AR R R R [J]. AR SRS AR 2019, 38
(9):2655—2661.

TE B HE K 2= 2, 2018, 37

AGEHARA S, WARNCKE D D. Soil moisture and
temperature effects on nitrogen release from organic nitro-
gen sources[J]. Soil Science Society of America Journal,
2005,69(6) : 1844—1855.

EWS . RAEXN KRG FRERKRET M JIHILA 2
M LD, MR EE  ARdbAl K2, 2012.

ZERA VAR PR R R A N A
EFMAFESHMEET]. MY E RS IR iR,
2021,27(8):1321—1329.

BRFN XS A, SR 0, A5 . VG A A R AR R
FEgm L], LRl R, 2016,44(10) : 165—168.
WA, S 5, 00 35 ), A L B R S — e A R A X 4
R R R sEm [T]. Wik 2= 4l , 2019, 31
(12):1955—1962.

ZERYL VR AW R E R S ME S/ TR EAEXT
T HETCHLR NS 25 o3 A (s e [T]. A48 5 5 R 2 4l
2009,15(4) :815—823.

K KOG/ FRIEAEXT + 58I AW 7 5 5 W Y
WD, MR ARl K2, 2013,

Effects of nitrogen application system and intercrop -

ping on oat nitrogen uptake and soil nitrogen

ZHANG Ning,ZHAO Gui-qin,ZHANG Li-rui, DU Wen-pan, CHAT Ji-kuan®

(College of Pratacultural Science , Gansu Agricultural University ,Key Laboratory of Grassland Ecosystem , Ministry
of Education,Sino-U. S. Centers for Grazing Land Ecosystem Sustainability ,Lanzhou 730070, China)

Abstract: [ Objective] The objective was to study the impacts of different nitrogen application systems on oat ab-
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sorption and soil nitrogen accumulation in an oat/pea intercropping system. [Method] A randomized block design
was employed. Four nitrogen application systems were tested: NO (no N), N1 (20% base fertilizer + 20% tillering
stage + 60% topdressing stage) ,N2 (20% base fertilizer + 30% tillering stage + 50% topdressing stage) ,and N3
(20% base fertilizer + 40% tillering stage + 40% topdressing stage). Three cropping modes (oat/pea intercrop-
ping, oat monoculture and pea monoculture) were studied to assess the effects of nitrogen application regimes on oat
nitrogen uptake and soil nitrogen. [ Result] The study found that nitrogen application and intercropping significantly
influenced oat grain yield, nitrogen uptake and soil nitrogen. Intercropped oat had the highest grain yield under the N2
treatment, which was 22. 48% higher than that under N3. Oat nitrogen uptake intercropping under N2 treatment was
the highest (71.2 kg/hm?*) ,49. 9% higher than that of NO. During the growth stages, oat nitrogen uptake increased
by 26.5%,15.8%,7.3% and 17. 1% at jointing stage , heading stage, filling stage and maturity stage , respectively,
compared with that of monoculture oat. Soil total nitrogen content in the 0~20 cm soil layer increased by 12.9%,
11.2%,15.4% and 6. 9% under NO, N1, N2 and N3 treatments, respectively, compared with monoculture. Inter-
cropped oats exhibited higher soil nitrate nitrogen and ammonium nitrogen than monoculture oats during various
growth stages. [ Conclusion] In the 20~40 cm soil layer, intercropped oats showed higher total nitrogen and nitrate ni-
trogen content than monoculture oat. Ammonium nitrogen content decreased , although the difference not significant.

Key words: oat/pea intercropping ; nnitrogen absorption ;soil nitrogen
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